Purpose: COPD is associated with coronary artery disease, and exacerbations are major events in COPD. However, the impact of recent hospitalized exacerbations on outcomes of percutaneous coronary intervention (PCI) remains underdetermined. Patients and methods: Using the National Health Insurance Research Database of Taiwan, we identified 215,275 adult patients who underwent first-time PCI between 2000 and 2012. Among these patients, 15,485 patients had COPD. The risks of hospital mortality, overall mortality, and adverse cardiovascular outcomes after PCI (ie, ischemic events, repeat revascularization, cerebrovascular events, and major adverse cardiac and cerebrovascular events [MACCEs]) in relation to COPD, and the frequency and timing of recent hospitalized exacerbations within 1 year before PCI were estimated. Results: COPD was independently associated with increased risks of hospital mortality, overall mortality, ischemic events, cerebrovascular events, and MACCE during follow-up after PCI. Among cerebrovascular events, ischemic rather than hemorrhagic stroke was more likely to occur. In COPD patients, recent hospitalized exacerbations further increased the risks of overall mortality, ischemic events, and MACCE following PCI. Notably, patients with more frequent or more recent hospitalized exacerbations had a trend toward higher risks of these adverse events (all P-values for trend ,0.0001), especially those with $2 exacerbations within 1 year or any exacerbation within 1 month before PCI. Conclusion: Integrated care is urgently needed to alleviate COPD-related morbidity and mortality after PCI, especially for patients with a recent hospitalized exacerbation.
Introduction
COPD is highly prevalent and imposes an enormous and steadily increasing burden on affected individuals and health care systems. 1 Over the past two decades, COPD has been a significant cause of worldwide mortality and morbidity. 1, 2 While respiratory failure is the primary cause of death in advanced COPD, cardiovascular disease, one of the leading causes of death in mild-to-moderate COPD, accounts for approximately one-third of mortalities in overall COPD patients. 2, 3 Evidence has suggested the link between COPD and the development of subclinical coronary atherosclerosis, coronary artery disease (CAD), and myocardial infarction.
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lin et al usually occur in patients with severe disease. 1, 5, 6 Risks of myocardial ischemia, as evidenced by cardiac troponin elevation, and even myocardial infarction may be increased following an exacerbation of COPD. 3, [7] [8] [9] [10] These findings highlight the detrimental impact of COPD exacerbations on patients with concomitant CAD. The coexistence of COPD and CAD can be found in a substantial number of patients 1, 3, 4, 8 probably because of the high prevalence of both COPD and CAD and common inciting factors and pathogenesis, eg, smoking and systemic inflammation. 4, 11 The high prevalence of COPD and its potential risks in CAD patients provoked interest to explore whether COPD might worsen the prognosis of percutaneous coronary intervention (PCI), [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] the most commonly used revascularization procedure. In these studies, early and late outcomes of COPD patients undergoing PCI have been documented. However, outcomes of patients experiencing recent hospitalized exacerbations before PCI have not been elucidated. Also, some studies demonstrated that COPD patients were at increased risk for hospital mortality, 13, 18, 20 while others did not find an adverse effect of COPD. 12, [14] [15] [16] [17] 19 In the era of widespread use of PCI, the prognostic significance of COPD and recent hospitalized exacerbations need further clarification.
The National Health Insurance Research Database (NHIRD) of Taiwan provides valuable real-world big data that reflect different facets of respiratory diseases and cardiovascular procedures. [26] [27] [28] [29] Using the NHIRD of Taiwan, we sought to examine the hypothesis that COPD and recent hospitalized exacerbation might be associated with increased risks of hospital mortality and adverse outcomes during the follow-up period after PCI.
Materials and methods study cohort
This retrospective cohort study was conducted using the NHIRD of Taiwan, in which the ICD, Ninth Revision, Clinical Modification is used to define diseases and procedures. [26] [27] [28] [29] The accuracy of diagnoses in the NHIRD regarding respiratory (eg, COPD) and cardiovascular (eg, acute coronary syndrome) diseases has been previously validated. 27, 29 The codes used in this study are listed in Table S1 . We accessed the de-identified data in the NHIRD under the approval of the Review Committee of the National Health Research Institutes. The whole study was approved by the Institutional Review Board of National Cheng Kung University Hospital (approval number: B-EX-106-017).
The flow diagram (Figure 1 ) shows the procedure of study cohort assembly. The inpatient hospital claims of the NHIRD provide the data of all the hospitalized patients undergoing PCI, including percutaneous transluminal coronary angioplasty and coronary stenting, from 1 January, 2000 to 31 December, 2012. During the study period, there were 344,338 hospitalizations for PCI. Among these hospitalizations, repeat hospitalizations for PCI, patients with prior hospitalizations for PCI from 1 January, 1996 to 31 December, 1999 and patients aged ,18 years were excluded, ending up with 215,275 adult patients who underwent first-time PCI (ie, the index hospitalization) identified as the study cohort. In the PCI cohort, 15,485 (7.2%) patients who had a COPD diagnosis before PCI were considered to be the COPD group. Patients who did not have COPD were recognized as the control group. Among patients with COPD, 2,489 (16.1%) patients had been hospitalized for an exacerbation within 1 year before PCI. To assess the impact of recent hospitalized exacerbations, we categorized our study cohort based on the frequency (no exacerbation, one exacerbation, and $2 exacerbations within 1 year before PCI) and timing (no exacerbation within 1 year, any exacerbation during 6 months-1 year, any exacerbation during 1-6 months, and any exacerbation within 1 month before PCI). If the patient had experienced more than one hospitalized exacerbation within 1 year before PCI, the most recent episode was counted for analysis.
Comorbidities and outcome measurements
Baseline medical comorbidities, including hypertension, diabetes mellitus (DM), hyperlipidemia, congestive heart failure (CHF), chronic kidney disease, peripheral artery disease, prior stroke, dementia, and Parkinson's disease, were identified according to the data of the index hospitalizations and previous hospitalizations as early as 1996. A patient with chronic kidney disease was considered to be end-stage renal disease when being registered with catastrophic illness certificates for dialysis. Also, whether the patients were admitted for acute coronary syndrome was identified. The accreditation levels of the hospitals (ie, medical centers, regional hospitals, or district hospitals) at which the patients underwent the PCI procedures were recorded.
The outcomes of hospital mortality, overall mortality, and adverse cardiovascular events during the follow-up period after PCI were analyzed. Ischemic events were defined as rehospitalizations for acute coronary syndrome. Repeat revascularization was defined as rehospitalizations for either coronary artery bypass grafting or re-PCI. Cerebrovascular events were defined based on rehospitalizations coded with ischemic stroke, hemorrhagic stroke, transient ischemic 
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COPD exacerbation and PCI attack, subarachnoid hemorrhage, or other acute ill-defined cerebrovascular diseases. A composite end point, major adverse cardiac and cerebrovascular events (MACCEs), was defined as any occurrence of mortality, myocardial infarction, cerebrovascular events, and repeat revascularization. 30 The entire cohort was evaluated for any occurrence of the selected adverse outcomes that occurred prior to censoring events, including mortality, withdrawal from the insurance program or December 31, 2013. For patients experiencing more than one episode of each outcome, only the first episode was counted.
statistical analysis
The COPD group was compared with the control group concerning baseline characteristics, procedural data, and outcomes. The chi-squared test or Fisher's exact test was used to compare categorical variables, whereas the Student's t-test was used to compare continuous variables as necessary. The OR of hospital mortality associated with COPD was estimated using logistic regression models with adjustment for potential confounding variables considered in relevant cardiovascular studies, 26, 31 including patient characteristics (ie, age, sex, and baseline medical comorbidities), acute coronary syndrome, stenting, and hospital levels. The HRs of overall mortality and adverse cardiovascular outcomes associated with COPD were estimated using Cox proportional hazards regression models with adjustment for potential confounding variables. Kaplan-Meier curves were generated to evaluate overall survival and freedom from myocardial infarction, repeat revascularization, cerebrovascular events, and MACCE after PCI. The OR of hospital mortality and HRs of overall mortality and adverse cardiovascular outcomes associated with the frequency or timing of recent hospitalized exacerbations were estimated. Analyses were performed using SAS, version 9.4 (SAS Institute, Cary, NC, USA) and Stata/SE 14.0 for Windows (StataCorp, College Station, TX, USA). All statistical significances were set at a P,0.05. Table 1 summarizes the baseline characteristics and procedural data between patients with and without COPD in the Compared with the control group, COPD patients were significantly older, with an even higher male-to-female ratio of 3.05. COPD patients frequently had multiple comorbidities. These patients were less likely to undergo PCI at the occurrence of acute coronary syndrome as compared to the control group and were also less likely to receive coronary stenting during PCI. For COPD patients, the PCI procedures were less likely to be conducted in medical centers, but the hospital costs were significantly higher than that of the control group.
Results
Baseline characteristics and procedures
Mortality and adverse cardiovascular outcomes
The OR of hospital mortality and HRs of overall mortality and adverse cardiovascular outcomes associated with COPD are summarized in Table 2 . Following PCI, COPD was independently associated with an increased risk of hospital mortality after adjustment for potential confounding variables (adjusted OR: 1.13, 95% CI: 1.03-1.23, P=0.01). Also, COPD was independently associated with overall mortality, 
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COPD exacerbation and PCI ischemic events, myocardial infarction, and cerebrovascular events. Although COPD was not associated with repeat revascularization, it appeared to mildly increase the risk of repeat PCI. Overall, COPD patients had a higher risk of MACCE after PCI. Among subtypes of cerebrovascular events (Table 3) , ischemic stroke and transient ischemic attack, but not hemorrhagic stroke and subarachnoid hemorrhage, were more likely to occur in COPD patients.
The impact of recent hospitalized exacerbations on the outcomes Figure 2A -E shows the Kaplan-Meier estimates of overall survival and freedom from ischemic events, repeat revascularization, cerebrovascular events, and any MACCE during follow-up after PCI in patients without COPD, COPD patients without recent hospitalized exacerbations, and those with any exacerbation within 1 year before PCI. The OR of hospital mortality and HRs of overall mortality and adverse cardiovascular outcomes associated with COPD and the frequency of recent hospitalized exacerbations within 1 year before PCI are presented in Table 4 . Compared with the control group, the risks of hospital mortality and cerebrovascular events following PCI were increased in COPD patients, but not significant in those who had recent hospitalized exacerbations. Also, COPD patients had significantly higher risks of overall mortality, ischemic events, and MACCE following PCI than the control group, regardless of the recent hospitalized exacerbation and its frequency. In COPD patients, the recent hospitalized exacerbations further increased the risks of overall mortality, ischemic events, and MACCE regardless of the frequency. Notably, patients with more frequent hospitalized exacerbations corresponded to higher risks of overall mortality, ischemic events, and MACCE (all P-values for trend ,0.0001). The OR of hospital mortality and HRs of overall mortality and adverse cardiovascular outcomes associated with COPD and the timing of recent hospitalized exacerbations within 1 year before PCI are presented in Table 5 . Similarly, COPD patients had significantly higher risks of overall mortality, ischemic events, and MACCE following PCI than the control group regardless of the recent hospitalized exacerbation and its timing. COPD only increased the risk of repeat revascularization when any exacerbation occurred within 1 month before PCI. In COPD patients, the recent hospitalized exacerbations a Based on the multiple logistic regression analysis with adjustment for age, sex, medical comorbidities, acute coronary syndrome, stenting, and hospital levels. b Based on the Cox proportional hazards regression model with adjustment for age, sex, medical comorbidities, acute coronary syndrome, stenting, and hospital levels. *P,0.05, ***P,0.001, ****P,0.0001. Abbreviations: MaCCe, major adverse cardiac and cerebrovascular event; PCI, percutaneous coronary intervention. 
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COPD exacerbation and PCI further increased the risk of overall mortality regardless of the timing. The risk of MACCE was further increased when any exacerbation occurred within 6 months and the risks of ischemic events and repeat revascularization were increased when any exacerbation within 1 month before PCI. Notably, more recent hospitalized exacerbations corresponded to higher risks of overall mortality, ischemic events, and MACCE (all P-values for trend ,0.0001). b adjusted hr estimated based on the Cox proportional hazards regression model with adjustment for age, sex, medical comorbidities, acute coronary syndrome, stenting, and hospital levels. *P,0.05, **P,0.01, ****P,0.0001. Abbreviations: MaCCe, major adverse cardiac and cerebrovascular event; PCI, percutaneous coronary intervention. 
Discussion
Some studies have been performed to explore the impact of COPD on the outcomes of PCI in depth using hospital or registry databases, yet the early outcome regarding COPD patients vs those without COPD remained inconsistent. [12] [13] [14] [15] [16] [17] [18] [19] [20] As found in our study, COPD patients were commonly older and had multiple comorbidities, which may increase the risk of hospital mortality. Notably, even after controlling for potential confounding factors, COPD increased a modest but significant risk of hospital mortality following PCI. Such a modest increase in the risk of hospital mortality may explain the inconsistent results reported in the literature. [12] [13] [14] [15] [16] [17] [18] [19] [20] One of most significant findings of this study is to demonstrate the clinical significance of recent hospitalized exacerbations in PCI outcomes. In accordance with previous studies, [12] [13] [14] [15] 18, [21] [22] [23] [24] [25] we found that COPD itself was associated with increased risks of overall mortality and adverse cardiovascular outcomes after PCI. It has been known that hospitalization for an exacerbation is associated with an increased risk of death in COPD. 1, 5 In this study, we did not find recent hospitalized exacerbations before PCI significantly associated with increased hospital mortality. The potential explanation is that physicians may be adept at selecting candidates for PCI based on the highest probability of survival and provide more aggressive treatment for these patients. However, we found that recent hospitalized exacerbations further increased the risk of overall mortality during followup. Patients with more frequent or more recent hospitalized exacerbations before PCI were both at higher risk of overall mortality. An exacerbation of COPD can trigger systemic inflammation that leads to an increased risk of myocardial damage. 7, 9 The relationship between COPD exacerbations and the subsequent risk of cardiovascular events has been established. 9, 10 The risk remains elevated up to 1 year after exacerbation. 10 Consistently, we demonstrated that patients with more frequent or more recent hospitalized exacerbations within 1 year before PCI corresponded to higher risks of adverse cardiovascular events during follow-up, especially those with $2 exacerbations within 1 year or any exacerbation within 1 month before PCI. Our findings suggest that the detrimental effect of recent hospitalized exacerbations might not be fully offset by coronary revascularization using PCI. Organizing integrated care is required to improve clinical outcomes of this high-risk population.
To date, only a few studies have attempted to investigate whether COPD is associated with cerebrovascular events after PCI and none reported a positive association. 14, 22, 23 On the contrary, the present study provided evidence with a large patient number showing that COPD may contribute to cerebrovascular events after PCI. Recently, a prospective population-based study demonstrated increased risks of ischemic and hemorrhagic stroke in COPD patients. 32 However, we found more ischemic stroke events rather than hemorrhagic stroke occurring in patients with COPD undergoing PCI. The potential explanation might be that antiplatelet therapy, an evidence-based strategy to alleviate the threats of ischemic stroke and transient ischemic attack, 33 was less likely to be prescribed in COPD patients undergoing PCI. 15, 25 Whether these patients might benefit from the strategies preventing neurologic complications warrants further investigation.
Our study had some limitations. First, COPD in this study was leniently defined by clinical diagnoses rather than spirometry which is considered as gold standard, though the accuracy of COPD diagnosis in the NHIRD has been validated. 27 Probably because of the major concern regarding the use of spirometry in patients presenting with heart attack, 8, 34 spirometry was systemically applied to determine all participants with COPD in only one among related PCI studies. 24 Our approach was used in previous studies, 13, 18, 19, 22, 23, 25 and has been considered robust enough to identify patients with real-world COPD. 15 In addition, a fraction of data missing or miscoding is inherent in studies using a large database, eg, COPD exacerbation accompanied by cardiac events or cardiac events per se being potentially misclassified as COPD exacerbation because of their similar clinical presentation, but such errors are likely random from a nationwide database and should not be a valid argument for our findings as nondifferential misclassification may lead to a bias toward the null. Second, some variables of interest, eg, body mass index, lipid levels, HBA1C, the severity of CAD, the status of smoking, echocardiographic findings, and completeness of revascularization and medications, were unavailable in the database and thus cannot be analyzed. Alternatively, hyperlipidemia, DM, and CHF have been considered in the models when multiple logistic regression or Cox proportional hazards regression analysis was performed. Finally, massive reimbursement cuts of cardiac care, as evidenced by low hospital costs, might be harmful to the quality of care. 35 This restricted medical expenditure could bring more detrimental impact on COPD patients who underwent PCI, as multidisciplinary care is inevitably mandatory for these patients. Validation of our results in other health care systems may be necessary.
Conclusion
Our study further demonstrates that patients with recent hospitalized exacerbations within 1 year before PCI had higher risks of adverse outcomes after PCI. Integrated care 
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COPD exacerbation and PCI is urgently needed to alleviate COPD-related morbidity and mortality after PCI, especially for patients with a recent hospitalized exacerbation.
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